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Abstract 

We study possible connection of the d+ 3 He backward elastic scattering cross 
section and the momentum distribution of the deuterons in 3 He. With this 
aim the relativistic calculations in the framework of proton exchange are per- 
formed. We also consider possible reaction mechanisms beyond the one nucleon 
exchange. 
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1 Introduction 



It was demonstrated [Q, that dp elastic scattering at 9 c . m . = 180° and inclusive (d,p) 
breakup with the proton registered at 9 p = 0° are deeply connected. For example, 
the relativistic one-neutron-exchange mechanism of Figure la describes well energy 
dependence of differential cross section of the dp elastic scattering if empirical effective 
momentum distribution of the proton in the deuteron, extracted from exclusive (d,p) 
reaction data, is used. The details of extraction procedure from excluisive data, as 
well as comparison of the momentum distributions in the deuteron, extracted from 
different reactions reactions see in Refs.|2|, |3], ffl, ^, Still, there are significant 
differences for spin-dependent observables in these two reactions. 

The mechanism, similar to the one-neutron-exchange, was also assumed to be a 
basic one for proton-lightest-nuclei backward scattering ]7|, |, |9], [U], [□], 0. In this 
case the colliding proton and nuclei are exchanged by a group of (A — 1) nucleons, 
where A - is the atomic number. For example, the simplest reaction of such kind, 
p 3 He backward elastic scattering, the two nucleon mechanism of Figure lb should 
be dominant. Indeed it was shown, that in the framework of the dynamics at light 
cone and making use of the empirical momentum distributions of the proton and the 
deuteron in the 3 He [|TJ| one describes well the published experimental data |T3] for 
cross section of this reaction O. Besides the two nucleon exchange mechanism of 



Figure lb some other mechanisms were also discussed in the literature (see |12| and 
Refs. there). For example a (NN)i£ + N-component of the 3 He wave function was 
shown to be of a great importance besides a d + p-component. 

In turn it was argued that in d+ 3 He backward elastic scattering the main reaction 
mechanism is connected with the one-nucleon-exchange (ONE) of Figure lc and only 
the (NN)i£ + N-component should contribute \TE\. The first data on differential cross 
section, and tensor analyzing power, T 2 q, were recently measured at RIKEN at 
T d =140, 200 and 270 MeV [fTJ. 

The aim of this paper is to study how the d + 3 He backward elastic scattering 
is connected with exclusive A( 3 He, d)X reaction thorough the ONE mechanism and 
make estimation for the differential cross section at higher energy. Between possi- 
ble reaction mechanisms beyond the ONE we draw attention to that with elastic 
deuteron-deuteron rescattering (ddS) of Figure Id. Due to identity of the deuterons 
the dd elastic backward scattering is the same as the forward one and the contribu- 
tion of this diagram should have the same energy dependence as that of ONE. Similar 



mechanism for the pd backward scattering was already considered in [16 



2 Minimal relativization of the 3 He 

According to || we will use so-called "minimal relativization" scheme of the relativis- 
tic dynamics at infinite momentum frame (IMF) for the 3 He wave function. This is 
done by introducing internal momentum between the deuteron and the proton in the 
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3 He and substituting this momentum in the nonrelativistic 3 He wave function. For 
our purposes it is enough to consider the d+p chanel of the 3 He wave function. 

Defining the IMF internal momentum, k, we follow to our analysis of the 3 He 
breakup published in Ref. [13, [T7J. First one can define a fraction of the 3 He momen- 
tum carried in by the deuteron in the IMF in longitudial direction 

Ed + d 3 

ct = — , (1) 

where 3 He and deuteron momenta are assumed to be p = (E T ,0,0,p 3 ) and d = 
(E,i,d±,d 3 ), respectively. One can introduce invariant mass of virtual d+p pair 

2 M 2 + d ± m 2 + d L 

Md+ P " a + ~7^T' {2) 

where M and m are the deuteron and proton mass. For simplicity we will put 
M = 2m. In terms of the invariant mass Md +p the internal momentum is defined to 
be 

k = (k ± , k 3 ), k± = d±, (3) 

k 3 = ±^/A(Mj +p , M\ m 2 )/2M] +p - k\. (4) 

In (|) A(a, b, c) = a 2 + b 2 + c 2 - 2ab - 2ac - 26c. The signs "+" and "-" are chosen 
for a > I and a < §, respectively. 

Similar to the deuteron (see, e.g., fL8f ) one can connect the d+p-channel wave 
function of the 3 He, \l/(z/, a d , o p \ a, fcjj, with 3 He— >dp vertex function, 

a d , a p ; a, k ± ) = ^ _ M , (5) 

where u, a d , cr p and L 3 are magnetic quantum numbers for the 3 He, the deuteron, the 
proton and orbital motion and M T is the 3 He mass. In turn the d+p-channel wave 
function of the 3 He can be written in terms of S and D wave components u(k) and 
w(k) 




ty(v,a d ,a p ;a,k ± ) = J — u(k) (l-a d a p \-u J + (6) 

/ 1 3\/3 1\ 
+ w(k) yif^v^J \ 2 2 L3 ^2/ Y2L ^- 

In the framework of the dynamics in IMF the wave function (^) is assumed to be 
normalized as 

\ f-iP-J*"- yi E \n m -,*A)\ 2 = i, (7) 

2 Jo a(l - a) J e p {k) + e d {k) v ^ ap 

where 



e p (fc) = Vm 2 + k 2 , e d = VM 2 + k 2 . (8) 
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3 The cross section in the relativistic ONE ap- 
proximation 

According to the perturbation theory in IMF one gets the following expression for 
the matrix element in the ONE approximation: 



T V( j d v'(T' d 



2S Ap {Air) 



, e p {k)e d {k) 
£ P (k) +£<i(k) 



x 



(1 - a) (M 2 p - M 2 



T(v, a d ,a p ;a,k ± ), 



(9) 



where 2 is the combinatorial factor due to Bose statistics for deuterons and S^p is the 
spectroscopic factor in the 3 He. Using the connection between the wave function and 
the vertex function (|5|) one can rewrite Eq.fH) in terms of the wave function (§) 



T VUd v'a' d 



2S dp (4vr) 



, e p (k)e d (k) 
£ P {k) +e d {k) 



x 



X 



z2 * °d> a P' a > k -L) — — 



^(v,a d ,a p ;a,k 



(10) 



Simple calculations now give the following expression for the differential cross section 
of the 180° elastic d+ 3 He scattering: 



da 
dtt 



) = (2Sd P ) 2 



T 



2 7T 2 



OP 



64s 12s 



(M 2 p - M; 



(e d + e p )(l-a) 



n 2 d (k), 



(11) 



where y/s is the total energy of colliding particles in the center-of-mass frame. 



4 ddS mechanism 



Now we will estimate the ddS of Figure Id. Omitting the real part of the dd elastic 
cross section at zero angle one gets that appropriate amplitude will be pure imaginary. 
Because the ONE amplitude is pure real one concludes that interference between these 
mechanisms must be small: 



da 
dtt 



da\ 

d^J ONE 




(12) 



dd— scat. 



In turn the <i<i-scattering cross section is given by 

1 

dd— scat. 




M 2 s 



S dp G d T (Q 2 )M t 



(13) 
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where the formfactor Gf(Q 2 ) is given by 

G d T {Q 2 ) = Fooo Qq) + F 022 

("OO 

= / drjiiQr^Lirpvir). (14) 

JO 

In ( |14|) Ul(t) is radial wave function of the d+p configuration in the 3 He with orbital 
quantum number L and Q is deuteron transferred momentum. 



5 Numerical calculations and discussion 

In our calculations we use momentum distribution of deuterons in the 3 He extracted 
in framework of impulse approximation from 12 C( 3 He, d)X breakup data at zero angle 
Hfl . For spectroscopic number we use Sdp = 1. 

To estimate contribution of the ddS we have to evaluate amplitude of elastic dd- 
scattering at 9 = 0° and expressed it as 

M dd (6 = 0°) = 2b c dd m 1VWdd> (15) 

where p^™' and y / Sdd are deuteron momentum and total energy of the dd-scattering 
in its center of mass frame. As a total dd cross section we use = 2a^ ^150 mb. 

Results of our calculation are compared with RIKEN data at Figure 2. One sees 
that the ddS mechanism is not significant at this energy scale. In turn, as displayed 
at Figure 3 it becomes comparable with the ONE at Td ~1 GeV. 

One sees that ONE is a main mechanism of the reaction. Nevertheless few com- 
ments must be added: 

• In the preset calculations we use maximal spectroscopic number Sd p = 1. But 
three-body calculations with realistic NN-potential give value S dp < 1 (for ex- 
ample for Argon potential it was obtained S dp = 0.69 



• We have estimated ddS in the framework of nonrelativistic calculations, but 
relativistic effect are seem to be as important in it, as in the ONE. 

• We have used very naive assumptions about the amplitude of the elastic dd- 
scattering. More realistic amplitude should be critical for polarization observa- 
bles. 

• In the calculations presented here the "small components" of the 3 He wave 
function were neglected. 

Author is grateful to Professor M. Tanifuji and his collaborators for fruitful dis- 
cussion of their theoretical results connected with d+ 3 He backward scattering, as well 
as to Dr. T. Uesaka for a discussion of results of experimental situation in this field. 
He also thanks to Prof. E.A. Strokovsky for useful comments to this work. 
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Figure 1: One-neutron-exchange mechanism of the pd-backward scattering (a), Two- 
nucleon-exchange mechanism of the p 3 He-backward scattering (b), One-nucleon- 
exchange (ONE) mechanism of the d 3 He-backward scattering (c) and dd-scattering 
(ddS) mechanism (d). 
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